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Dear Sir: 

I, Dr. Ursula Boschert, declare and state: 

1 . A copy of my curricultm vitae demonstrating my education, training and 
experience is attached. I am familiar vwth U.S. application Serial No. 10/706,691 and its 
prosecution history. I am considered by my peers to be an expert in the field to which the 
application pertains, and am otherwise qualified to speak and render expert opinions as to the 
present application, invention, and issues of the Office Action dated Decemba: 23, 2008. Thus, 
this Declaration is in response to the Office Action. 

2. The following experiments were performed under my direction, supervision or 
control, and in the ordinary course of business. 
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Example 1: Cytokine expression modulation properties of INSP052EC-6His in LPS- 
induced cytokine release in mice 

LI: Introduction 

The ability of INSP052EC to protect from the effects of cytokine release in vivo has been 
also tested by injecting either the recombinant protein or encapsulated, transiently 
transfected HEK293 cells expressing INSP052EC-'6His in the model of LPS-induced 
TNF alpha and lL-6 release in mice. 

Encapsulation of cells expressing a recombinant protein allows understanding of the 
possible therapeutic effects of a continuous administration of the protein in vivo, as 
shown with proteins with tumor suppressor function, for example (Visted T et al., 2003, 
Hum Gene Ther., 14, 1429-40). 

LPS (Lipopolysaccharides) are an important component of the outer membranes of gramnegative 

bacteria and are the best characterised example of innate recognition that leads 

to a robust inflammatory response by macrophages or microglia cells via its binding to 

CD14 and the Toll receptor 4 (Lehnardt S et al, 2002, J Neurosci., 22, 2478-2486), LPS 

are widely used in literature to activate various cell types like macrophages, microglia 

and endothelial cells, in particular in relationship to liver diseases (Jirillo Eetcd., 2002, J 

Endotoxin Res., 8, 319-327). 

1.2: Materials & Methods 

1.2.1: Encapsulation of transiently transfected HEK293 cells expressing INSP052EC6His 
1.2.1.1: Cell maintenance 

Human Embryonic Kidney 293 cells expressing the Epstein-Barr virus Nuclear Antigen 
(HEK293-EBNA, Invitrogen) were maintained in suspension in Ex-cell VPRO serum-free 
medium (maintenance medium, JRH, UK) supplemented with 4mM L-Glutamine 
(Invitrogen) and Iml/L Phenol-Red-solution (0.5% w/v in water. Phenol Red: Sigma, 
USA) in spinner flasks (Techne, UK). 

1 .2, 1 .2: Cell transfection 

At the day of transfection cells were centrifuged and re-suspended in a spinner vessel 
pasGip,D)in250mLDMEM/F12 (1:1) medium containing 1%FBS and4ml/l ITS-X 



supplement (seeding medium, all Invitrogen) at a density of 1x106 cells/ ml. Cells were 
transfected using the PEl method with a ratio of 2; 1 PEI:DNA. In 100 mL seeding 
medium 5001 Ig of corresponding plasmid (pDESTI2.2-INSP052EC) was mixed with 1 
mg PEI (Poly sciences, USA) and incubated for 10 minutes at room temperature. The 
mixture was added to the cell suspension and incubated for 90 minutes at 3 7*^0- After the 
incubation the cell suspension was centrifuged (200xg, 1 0 minutes at 4^C) and the cell 
pellet was re-suspended in 500 ml maintenance mediimi. Cells were incubated in a 
humidified atmosphere with 5% C02 at 37°C until encapsulation. 

1,2.L3: Cell encapsulation 

HBK293EBNA cells transfected with pDESTI2.2-INSP052EC or not transfected (control 
cells) were encapsulated into Alginate-poly-L-Lysine- Alginate (APA) capsules using the 
Inotech research encapsulator (Inotech, CH), Cells were centrifuged (200xg lOmin 4°C) 
and re-suspended in 2 ml washing buffer (all chemicals Inotech, CH). To this suspension 
a 1 .5% alginate solution was slowly added to yield a final cell concentration of 2.5x1 Oe6 
cells/ml solution. The alginate-cell-st^ension was taken up into a syringe (Braun 
Onmifit, Braun, D), which was connected to the encapsulation machine. 

The encapsulation was c^ied out using the following parameters: 

- Syringe Pump: 275 (50ml Syringe) or 456 (20ml Syringe) 

- Anode voltage: 1.1 6kV 

- Vibration frequency: 1943 Hz 

- Vibration amplitude: 3 

The protocol for encapsulation was the following: 

- Polymerisation buffer: 10 minutes (volume 250 ml) 

- Poly-L-Lysin: 1 0 minutes (volimie 1 50 ml) 

- Washing buffer: 1 minute (volume 150 ml) 

- Washing buffer: 5 minutes (volume 150 ml) 
" 0.03% Alginate: 5 minutes (volume 150 ml) 

- Washing buffer: 1 minute (volume 150 ml) 

- Depolymerisation buffer: 10 minutes (volume 300 ml) 

- Washing buffer: 1 minute (volimie 150 ml) 



— Washing buffer: 5 minutes (volume 150 ml) 

- Medixim (Excell-V-Pro): volume 100 ml 

All buffers were prepared according to the manufacturer's manual in sterile distilled 
water under sterile conditions. In the final step of the encapsulation-, the capsules were 
resuspended in 100 ml maintenance medium and transferred into a sterile spinner vessel 
(Dasgip, D). The capsules were incubated in a humidified atmosphere with 5% C02 at 
37°C ovemight or until injection into the animals, 

LPS induced cytokine release model in vivo 

The model of LPS-induced TNF alpha and IL-6 release in mice was set up according to 
W098/38179. Briefly, male C57/BL6 or C3H/HeN mice (8 weeks of age; Charles River, 
France) were used. In general, 10 animals per experimental group are used. Mice were 
maintained in standard conditions under a 12-hour light-dark cycle, provided irradiated 
food and water ad libitum, 

LPS (0111 :B4 (Sigma, Switzerland), 0.3 mg/kg) was injected s.c in mice. Ninety 
minutes later blood was sampled and plasma TNF alpha was determined using an ELISA 
kit (R&D). IL-6 levels were measured after 150 minutes using a commercial available 
ELISA kit (R&D Duoset ref DY206). Dexamethasone, the reference compound^ was 
solubiUzed in PBS and Dexamethasone (0,1 mg/kg, s.c.) was injected 15 minutes prior 
LPS, 

The suspension containing the microcapsules containing HEK293 cells (control cells or 
cells transiently expressing INSP052EC-6His) was removed from the incubator and left 
several minutes in the laminar flow hood to allow the capsules to sediment. The clear 
supernatant was removed and the concentrated capsules were taken up carefully into a 
syringe. 700|il capsules were injected slowly i.p. via a 0.7 mm needle (ref 53 1 58.01 
Polylabo, CH) per mouse. LPS injection was performed at day 3 after the injection of the 
capsides. 

1.3: Results 

The potential of INSP052EC to downregulate LPS-induced TNF alpha or IL-6 release in 
the blood was demonstrated in both models of INSP052EC administration. 



The injection of INSP052EC-6His 15 minutes prior to the LPS injection, decreases LPS induced 
release of IL-6 (if INSP052EC-6His is administered at least at 0.1 mg/kg) and 
TNF alpha (if INSP052EC-6His is administered at least at 1 mg/kg) in a statistically 
significant manner, similarly to the reference compound Dexamethasone. Mice injected 
with the vehicle solution for injection (PBS-BSA with 0.02% glycerol) were used as 
negative controls (Figure 1). 

Similar positive effects were observed when the HEK293 cells transiently expressing 
INSP052EC-6His were injected in ail the tested capsule volumes (Figure 2). 

Example 2: Properties of INSP0S2£C"6His in a model of Contact Hypersensitivity 

2,1: Introduction 

INSP052EC was tested on hapten induced contact hypersensitivity (CHS), a murine 
model of inflammatory skin disease. CHS is a T cell-mediated inflammation model of the 
skin that represents a well established model for similar inflammations associated to 
diseases such allergic contact dermatitis and psoriasis, which are dennatological 
problems with unmet medical needs related to excessive cjtokine production (Nakae S et 
aL, 2003, Int Immunol, 15: 251-260; Gorbachev AV and Fairchild RL, 2001, Crit Rev 
InmiunoL, 21: 451-72). 

2.2: Material and Methods 

The hapten DNFB (2,4-dinitrofluorobenzene; Sigma Chemical Co.) was diluted in 
acetone / olive oil (4:1) immediately before use* Mice were sensitized with 30 III of 0.5% 
DNFB solution painted to the shaved dorsal skin or left untreated. Mice were challenged 
five days later, ie, CHS was elicited by applying a non-irritant dose of 10|J.l of 0.2% 
DNFB onto both sides of the right ear and the same amount of solvent alone onto the left 
ear. Ear thickness was monitored at day 6 using a caliper (Mitutoya). 
Ear swelling was calculated as 

( (T6-T5) right ear) - ( (T6-T5) left ear) 
where Te and T5 represent values of ear thickness at day 6 and day 5, respectively, after 
sensitization challenge, respectively. To assure that the observed swelling was due to 
DNFB specific inflammation rather than non-specific irritation, a non-sensitized but 



challenged group of mice was included with each experiment. 

Mice were treated on Day 5 with an s.c injection of INSP052EC-6His in the indicated 
amount, Dexamethasone (1 mg/kg), or PBS only (control group). 

2.3: Results 

We show that INSP052EC reduces ear swelling in significant and dose dependent 
manner, suggesting a decrease in leukocyte infiltration and of the consequent 
inflammation (Figure 3), demonstrating that INSP052EC can be useful in treating T cell- 
mediated inflammation of the skin, such as allergic contact dermatitis and psoriasis. 

The examples clearly show that the isolated extracellular domain of INSP052 
(INSP052EC) can be used (as such or as a variant or a fusion protein containing this 
protein sequence or the full length protein) for modulating cytokine activities, in 
particular as antagonist of cytokine secretion and/or expression, and may have a 
therapeutic role in diseases directly or indirectly related to both innate and adaptive 
immune responses. 

The range of inhibiting activities shown by the tested INSP052EC-based molecule in 
different cell-based assays and animal models confirms that patho-physiological effects 
of cytokines resulting from their excessive or inappropriately localized production can be 
blocked by using this molecule. The control of cellular events associated to prolonged 
production of proinflammatory cytokines can be obtained by INSP052EC-based 
molecules, which therefore can be used for antagonizing abnormal inflammatory states 
associated, in particular, to autoimmune and inflammatory diseases affecting various 
tissues and organs (e,g. liver, skin, lungs, central nervous system), providing as well a 
new therapeutic opportunity for oncological, neurological, cardiovascular, and infectious 
disorders. Additional clinical applications for INSP052EC-based molecules can be 
identified by using cytokine assays showing the excessive expression and / or secretion of 
cytokines in samples obtained by patients affected by other diseases (Wong CK and Lam 
CW, Adv Clin Chem. 2003, 37:1-46; Whiteside TL, Biotechniques, 2002, Oct. Suppl:4-8, 
10, 12-5), then jvLstifying the therapeutic use of a cytokine antagonist as INSP052ECbased 
molecules. 
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3. It is respectfully submitted that the data contained herein directly refutes the 
enablement rejection of claims under 35 U.S.C. §1 12, first paragraph, in the Office Action, 
Reconsideration and withdrawal of the rejection are solicited. 

4, I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further, that 
the statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

Date: M .^QXi^ WuOgT^C\^VV 

Dr, Ursula Boschert 
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r^lH,r„f^rr off!^S>:>:o.O„cosenc,i.s. Dm^>< ^fm.ioto^y, FacuUy u/MMc, mton^l Vah^nHy cj Singapore 



ch«ractcrisHc«;tnd fS,cUon;;irncc """""'^ ^'^ the 3 -uoiit..,l.ng region, «,ul a.s.sB«5cd Its expression, 

couple,! with im. JSoc^mfotiy S.a^ltex^«?.h 7'"'' ^^'^^'^ ^ H^C cell U«es. Tr^»«sfcc«6n sn,dl<^., 

2005 Eu.o,n,.« Association fur th. Study of tl,e .Liv«'. f^Wished by Klscvicr B.V. AU righte .reserve.^ 
'^^^^p'''' '''^V*^''- <^«n uruwth arrest; <:.n-^.trlx; 

• 1- Introdwc'tiou" - . . . 



CeJl n<lhcsign is cxuohil not qniy ibr the foiuwtipu OfJd 
njGlntoiance. of celiular architectlir^ but also for the nomial 
biological pwesses iiicludinjg adhe^on, aiigralion. pro 
lifi^aUon and survival [I j. Such .spec-iniizcd recoguiUon md 
Hdh^ion are jucdiatcd by cell adJicNxon molocuies (CAM>s) 
u\pres5eci oji Uic ceil surface. Goneniliy cla<s?tified into 
cudherins 12,3J, scjcctins 14]. u.f«grins f:>], and imimmQ^ 
gl<?bulm supe.f«miiy (igSF) frj. (hc^c giycopro£oiii« 
XTttCQgnize and internet either with other cell adlicsion 
molecules on .the adjaceni ccJJ surface or wiUi proteins 



K^ceh^.^ S^pfcuiVtr 200'i; niched in rmsedfom 6 J,^miry 2005^ 
flocc/z/^-t/ 25 Januaiy ^OQJ; avadabU online 7 April 2005 

CofTcspoodiny author. I'ci.: +65 6$74 <S40^; fax: +fis 0778 8 1 61 

w,f.l^?:^'' ^'^^^ ^"^P^^^ AwocUdoa for <|,e Slady of ihr. Uv^.,' 
OOi: JO.lOift/JJhftp.200^,0J,O25 



dcpoMuHl io. rhe exuaccUular matrix, Iii aildiHon-to the 
a<JliC3ivc |)ix>peni^.s <>f;^I\e.?ej[iu>l<5cule5, an exciting concept 
thai ha3 cjacr;jed from recent cell biological research j^; fhat 
cftll adhesion complexes are not sixnply staric archiUtcUm^ , 
cnfitie^. Rather, llitry are dynamic unirs ihat are oriticql in 
modniariiig cyccplijsiuic iignaling ciscad«s by gapturJn^^ 
and hategrating /jignaU from the extracellular 
enviioiimont [2], 

Cell org^mj^ation aiid tissue architecture oi the liver are 
wcl I defined. Approxiinaialy, 80% of the adylt liver consists of 
hcpatocytes that ore airan^jed as single^ceU anna^tonjosing 
platiJK extending frou'i ih« portal region of tlic Hyer lobule 
to wjtrds the centra] vein £7], Proper liver arclufcdnre is cmcial 
for hopatic function [8J and is commonly dlsmpicd in disease/ 
-injury state, irtciuding hepatitis, cjjtJiosis [9] and hepatocel- 
lular carcinonia [lOJ, Disruption of normal ceU-cell adhesion 
in uansformed cells may contriljnie (o tumor cells* enhanced 

Jniblishcd fiy Efeovler AU righf.5 rcjscnred. 
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ims. Although the underlying meclianism of how ihese 

^^^^^^ ~ 

h.ve been unplicate. i„ tuCS^i^l^ror^S; 

is S ve??f ^ ^* f «i»l"glycoprotein. which 
synapse llri^^^ .''-''';'"^''^"^ <^""«<i"ctian a.ul 

rCEACAMi7 • " adhesion mo).e.cuZ«-I 

Simi^ ""^ ^^''^^^^'^ '^'^^ '-''^''^^ion '"Ole.cule which 
IS frequently dowiuegulnfed in liver mi^^^.^i ^ , 
caiiccrs 121-241 r-^.,. A .V ' coioreotaJ and prostate 

=sSy':u;;^r^^^^ 

ill vivn f7d -j^i ^ . lumon«eniot(y in vitro q.kI 
ja ceij jfiva^ioti aiul metastasis 28] 

■ HEPNl, frcrjuently silenced in ^CC 17^1 fn,« l.T , * 
updated BLAST scarrh '-"'^^J - JnteiesUngly, an 

anti.,^';^ strand SS^PHn^ 11 ""^■^'"^^^^^^ 
rthdiny le.d Os ib ikolZ .i^ ^^oncodWg iegion. This 

approximate y^Tj^rTJ^Tir:' ?"'""-'"^^ 



2. Materials and mctliods 

.he mannfaeturcr's insc.uo.ion^ CCJon.eoh) acceding ro 

Vloned and sequenced ""W'" of hcpaCAM. T/» cJJNa wi.i 



2. 2. i/v<?/- spacimens and cell li„cs 

c u..i«.d by hi„o)ogi.„l ^^ity.tiol^^r^c^,^'^'"""''^ 
IIci'SB. Huhy. SK-Ilftni -.nrt »i f - 1 7.^^^ "wroan HOC cell iine&, HciKJi 

2.5. RT-PCR 

primer (5^Tm-ACAOCruCATCOTSoAOA ^ f'"™"" 

B«»-i«a„ or «AP1>H w« lnin.a cito,^ ON^«^.c«.,(«d «>uu RNA. 
2.< Plasmid conxtwct 

CAAAATGGArrAGAGAAACTnrrnAocr ^:'3^"cr^<w»'ffli)- 

•by anil-VS nntibidy. "opACAM-Va fusion pipteta and the deception 
2,.T. •! Yankee tlon 

««.dc.dt„ g«vi,„^^»,7*^-^-^^^ 
"^'•^S. Immunacytocherntslty 



Cells ciiltiited pn covirafiM wore washerf «/ifi, uuv n ^ 
sil.. wore M^kJd iu'lJ^ 

expression of hei«CAM wartocd^lst <S™»W Ctuz). Rvtcui 
2.7. WOe.««nj analysis 

i^oL%"'^Z\'!^^^^T:i^, With peptide A^.^^™,M,., p 
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2. 9. Cell spreading 



835 



Ob J„c^by Snoopy (C^S^ 
2.70. MatrigM invasion assay 

uy psuii^nr, tJie. lower Z^^^^^^ «ho m«fi.i,l<?d cells w^ra im vested by 

well nlirr. Ti ; Of UKtjiicrtiorana naci oolJcgtcd into now 24- 

^K^^^^^^ by Wind pm.,;r„2 oi^^, 

lauo v/y;j4 K/^^„.,f^^X7<X)%) to rcpicxftnl woiiitiU-loaurc. 

^'i2. CiHouy fon7\ation - 

ll<LpO;i ccIJy trails fccir<?0 with cllhcr I.^i.-.f 'a n/j ir« 
wcTB detected in 10 ufj/)i,r of bla^t/rtH; ';^^'^^S/^-y^, veo(ur pcDNA6 

JTcni^^d at thf^ end f:ZtZZT^l^^^^ "^^^^ '^^'^ 

»Wi3 of 

-^.iJ, Orowih cut-uc 



2./^. Bioinfomiatics and siattsiical analysis 
panimcicrs. Nonpnranit^uic ANOVA was ucrtbrmVrf iT ^ 



3- KesuHs 

5.7. Jdentification of hepaCAM 

^?,'""f j" i . file cDNA sequence ALf{:i^419 
(i.ir.nDajU«) containing the.rnitisensc strand of HRPNl i» its 

L-°rS"^ """" ^"-^^^^^ 5^no,u=odi„fi 

n^ion a^ gonu. specific piimor (CSP) at ,tac 5'-e«d of 
HBPNl antiscnse strand and the ad«pror primer fA)>n 
enabled us to isolate, a ne^v ga.,^. hcpaCAM. from a hunw.i 
no««d hver cDNA );br«ry. Gene hep.CAM was 

contajnert 7 cxons ranging h, «ize<f from 71 .« 2252 bp Tlie 

been submitted to the GcnBa.Jk (A-3f047587). 

5.2. Suppression cf ftepeiCAM in HCC 

Serat-quaatitaiivc UM'-PCR revcalcrl that hepuCAM wa- 

tested (Pit-.. To ov^aate if hepaCAM expression 

levels an 23 paired liver sainplas from HCC patiel h 

with. - the HEPHA . sequence. Th^ results showed • 

oy«l«atcd in 5 l,iim«, HCC cell lines Hep02. llep^B. 



^Ot>aCAM 



ALfl344l9 (2463 bp) 



oxon I 




Wi *v V va 



VII Hq?4 
22S2 



"^'T # I 22S2 

^^^^^^^ 



II/U4 zuuy !b:^b hAK g;i;g j'^otj 4ibt; 
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live. tr^,u.. and Ti^pSa c;^^ w.fte™ r t ""^t'"' "'•■>< - "^^^"r S^^Nr^tS"'.' '"'"'^•am 5 HCC 




ifn^oi J K ^ "^P*^''^ transfeotaa with 

mpl,«<I the as-sociauoi, between tl»c loss of hcp^CAM ««d 
and .he clin.cop«tholo8lo p.ramctox. could dctecfc^f 

.^t c'hCC ^^^^ «'PP^^oi 

ifi ihc HCC samples tesiod (Tabic J). 

J.i, C/,«,„<:/^Wz«;/^« o/hQpaCAM protein sequence 

am no acids co,,«,st,n^? of an extracellular region 
3A). The cxtraccJUUar region comprised a sigiwl 



TqWc I ' ' .... 



Total nurabtf 
Ctcde 

M(KlCTIltc 

Poor 
HCV 



hcpaCAM 
suppression 



20 



a<5 



J2 



1<5 



18 



hq>aC/VM 



87 

89 
«0 

100 

86 

a3 

«4 

PO 
300 
100 



Nil 

KS 
NS 
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peptide and 2 Ig doinains (Ig-irkc and C2 dunjains) ns 
predicted by SignniP pi] and SMAUT f32], xc^ectivcly 
TWO cysloine residues flankiug the C2 domain co^trib.u/d 
lo tine formnbon of intracf ,a}n djsulfidc-linl;cd Joop. Six 
glycosyJatjoi. sites Were idenUfied in the exJacoUubr 
h r"'.."! ""^^ coi.tributo CO the glycosyl«iion of 
hepaCAM protein. The transmembrane segment was 
Hn!d r"''^'* ."^ P-^Wotic znembr^^c lipoprotein 
I.pAd attncWnt site (LLVlLVTVCAC). At the cyto- 
Ilorir*" ' '^^^.P°<^"'ial cJass m PDZ don,ain-bindm« 
motxfs wcv. predicted, Ovcrail. llm structure of hepaCAM 
cTo.cly resembles lg,iike cell ^.dhcsinn molecule. 




life a^likc) domMraj3?„rr„"^"" i'»m.,o^gIabuHn- 

unde> Kcatii Oie ixtt^ Jr. ih*. . ftSparaglntK (mot ItL-d 



of H^patohj^y 42 (200^^ S3S^'}4] 

Degfycpsylation of hepaCAM protein 

The molecular weight of the epiiope-tagged hepaCAM 
snowii Dy westero analysis was approximately 75kDa. 
arser tlian the predicted size (46 kDa). n,c six W-Klycosy- 
lauon sites idenUfied on hepaCy\M protein wia.fn the 

nmlT, K T^'"? 'hat bepaCAM 

ptotcn imght be glycosylated. The cleavage of JY-liiJ^ed 
«lyc<u,« on hepaCAM by PNOa^e F indeed .shifted tlie 

hcpaCAM a glycoprotein. Notiee„bly, U,e rnolecUar weight 
of the declycosylaied protein was ..till higho, than a,e 
predicted one. 5,>egesfjjig the involve,„«,t of ad.litioual 
posi-translaaoiicl modifications. 

3.S. Cellular tvcalizaUon of hepaCAM 

hetlrlM^''" '^^^^ ""I^^^ HepG2. h. which' 
hepaCAM was undetectable (Wg. SiQ, were traneienUy 
t.au«fccted wuh hepaCAM.V5. Inununonuorescencc S 
«i« .W,th ^.W5 antibody showed that hepaC/S^ w" 
»oaUer«| In Oic cytoplasm, ab«em In the m.ckus Td 

"ihfll ""f." f ^I'^^-srtngly. <hc 

de ■< bcpaOVM appeared to bo coll 

dei mly-de.pendei.l ,« ne.pC52 wiO, .stable transection. I . 

tribS"!''-'"'' ^f'^^ ""^p^^ «i 

tributed in the cytopln.^„ and at the cc-Jl surface prot^slon, 

Si !n t T^" ^" '^^>"^"<^a™ cells 

(P»C. 4B lower). hepaCAM wh. pre<lomi„HaUy localized on 

^n::r<S;si."""'''^'*'^^'^ ^^^^ - • 

d. Evaluation of stable ircatsfeaion 

Two cforics stably tt^nsfccfert with vector (VI and V2) j,nd 
3ck,,^ w,th hepaCAM-V5 (HI , H2 and H3 were Siid 

hepaCAM clones HI aiid H3 (Hg. 5A). Real -tinn-^T PCR 

sho^lthathepaC>Mwaaexp«4di„'clo^,S^^^^ 

not oveicxpntssed wl.,e>. compared to the nomial Hvcrtisaucv 

andwa.expeo,cdIyab.,enti„clone.sV:.V2a«dH2(Rj^^^^^^^ 

T.n.nu.ofluora,cence staining a„d co«tocal. microscopy con- 

V2, HI and 03 were therefore selected for the downetream 
AincUonal exploration of liepaCAM. 

3. 7 Cell^-matrix vueractiOa and cell motility 
madutated by hepaCAM 

M hcp^CAM displayed the lypicni .stnicture of cdl 
adhesrou molecules, we evaluated the adhesive propexdcs of 
hepaCAM on the stable HepG2 <dones tZT^ oeU 
4ggregai,on andspica<iinga5say.s. Although hepaCM4 di 
not clearly change cdl aggregaUon (data not shown) kwS 
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A. ^ """" 




t^'n.L.^n',f"'f/°**"^*""" JicpaCAM, <A) trough tr«n.,(«t 
I. ■ ^' ""'•'^ »*■ t" V5 Jo vector pcWNA^/VS^ni- 

Uic con ! , T i^^*" ""^ l<><:aJ'20'< oil 

r.r'^r'Awr*''"'"^ cell~™atiix adhesion .igmfi...ntly 

«J and H3 .exJiibited spread iirioiphology at 30.nun and 2 li 
of mcubation, rcspccavely (iRg. <5B). Ii, confrast. the 
.n«jontios of tl.u crJls ftoni clones Vl a„d V2 rcn,.i„cd 
tound at tbft ..jamo liiiie points. Hie aumber of cells showing 
fipi-ead morphology fn.rn clones HI and -1-13 was alK,.,! 

;i I'^i!^^^'''" ^^^^ ^'"^ clones Vi and VCl 

(/'<0.001.)^ PurtherjJiorc. IlcpG2 cell mocxlity was 
ldcren.wl a'-a0011) whoa trmsfcctcd >vith hepaCAM 
as d«termmcd by matrigel invasion (Fie. 7A) and woui.d 
healing assays in culture dish (Fig. 7J1). 'l-ftese xesull.s 
indicate ihat hepaCAM may be involved in ccU and 
exiracelhilar mairix liitamcdom. 

3.8. Antiproliferative effect of hepaCAM 

Majiy Ig-Hkc adhesion tnoJcculcs. .<!uclj as NCAM-i [141 
TSLC-1 [33]. and OPCML [34]. Are known -«s tumo,' 
suppressors exhibitmg antiproliferative dTects. To examine 




r> v.,U. «ctor or hcjwCAM-VS comlruct were c.\o,J, 

(A) Wesfer,. ajialyrfs. Ad«I.VS aailbody ws uscfl In the ,;^«,crn 

IraArff.ci ud witn rector almiP, CVI oua V3S) and ttu^« eioncs triMsfwfe-l 

Um« nx-VCjc aoalyils. 'rh« „,RNA Uyete of Hastlcidio resistant ncnc 
Cni^t r hepaCAM >vcrv dcUrnilncd in a» clones aM^vo 
novnu, (pvcr a^^(l^.y^,„V%t,iS), a«d coavertc.I IntOYaUo *wto« - 
«APnU.«RNA .cveL,. (C) Co„f^«, ratcrccnpy. Lnn,«noau" r«T«^ 
«t»Ja«ig through antl-V.'J nu«bpd^ vr^ u..d visualize t..paS 

m«lsJi8ure appear* in <!saour«n the w»l>.} 

the involvement ofLcpnCAM in cell gmwii, control, colony 
- -torroation was came*«ut- wl.il« groy/th rate was dotoimiticd 
in stable Hci>a2 clouos. The resuU.s .showed tJiQi the number 
of colomcs was reduced by 10 folds in tlic cells uansfectcd 
with hepaCAM (/-0.0022. Fig. 8A). end the cro^vtl> rate 
wa.<< dftcreajed by 14 folds (/><0.001. on day 5, W 8B) in 
cells expressing hepaCAM Qll and H3). No clear cell death 
was observed in the eouise of examining growth attest 
snggesting llrnt htipaCAM inhiblLs cell growth ihrx,ufih 
suppressing proliferation rather than inducing apoptosis ' 



4, Discussion 

We have identified liopaCAM a.<! a new Ig-like adhusiou 
molect|le. The novel protein display., the typical Slruci.irc of 
the adhesion molecQlcs in immunoglobiiJin snperfamily 
(igil^, incltjdin^: two cxiracdiuJarix-likc domains a sin/dc 
transmembratte region, and a cytoplasmic toll f6] 



17/04 2003 16:29 FAX 020 7405 4166 



CARPMAELS & RANSFORD 



ii0020/0028 




M, Chung Moh Hi aL /Journal of h^patolasy (200S) ^$3^2 



S3P 



Fie. Modulation of ceU-uiatrIx odlicrfon by LepHCAM tA\ C^, 

flbronen h,.™„tcd plat., f«r 3()inin or 21,. -ih. T«lcr^«oW«^ot^ 

fields (>60 ,,.r fieKl), aad «t« ji,c,«nta«« of oeU ™^a«l 4^ 

molecnK, JAMS. CAR. .nd ESAM, which arc kjiown to be 
Jnvolved m cellular iiUcractiom. Expcrirnentally, have 
deinoDstrated that hopaCAM protein is glycosylated mid 
Picdoiranantiy localized on plas.na menitranc. particularly 
w the an:>.x of ceJJ-cell contacts whoa c<Mls arc conflueni. 
n^A^, fT""" Witl. JAMS, CAR, and 

^ Z^i^i '^"^''^'^ spreading andnxoiility 

oasay.,. hepaCAM .s capable of modulariog ceU-^mar,;x 
interactions, ftirther supportine bepaCAM to be an adheskin 

Int.iguing)y. our data suggest rh«t hepaCAM may be a 
tumor suppressor in human hopatocoilular carcinoma 
firstly, wr. show that hcpaCAM i.s expressed ii, all nornjai 

nLT'T^nT^ y'^""" ''"^ suppressed in 87% 

(20/23) of IICC patients and 100% (5/5) of HCC ceU lines 
i.e. when hfipatocyte, have beco.iic canecrous, indicatlim' 
that loss of hepaCAM expression Is associated 




with 8.,n« pare slift membrnnc, coat«d with »il«lrt«el. 
s^biy r««,fccted vviih cHhcr p<;mAfi vector ur he^iCAH^v^ 

(100X). ni« mlnratJon was yuaatJflwl Uy blind toimUug «f the 

«ea«±Sl> by the yraph. (H) J„ vitro ,v«und h.Ma'g »1U 

Woumls were made hy pipCltu tip Oh cn„n„..n( HepGJ ceU*»tabW 
t.^n.*!ct«I with e|,|«,. i,eUNA6 vector or h«r,nC^.V5 

d«,™eto« «f ^oundi ,„cas«red by n,Ic.o.n>vpy {200x) nt o 1, ar,d 
241. ftft„ ,v«md.nR. Arrow *«a<U show m dfametors of ii,..- inia^J 

wifhte.patoearcinogene.'si.s. SuoondJy, the nocderated cell— 
tiiatnx adhesion „iodis,ted by hepf.CAM raiae.-3tl.c possibility •- 
that los, of bepaCAM umy ultimately l««d to the disn.ption 
of Jiver ti.s.su<i arcljitecturc by ihc loss of a Uimor .cell's ability 
to t;on«,;unicatc with its extracellular cnviionrneni. TJiirdly ' 
transfcchoM studies revealed Utat licpaCAM led.icsd cm ■ 
colony formation andiiiliihited cell growllj in HCCcell Jjjie 
llepG2 throuch suppression of c$Jl proliferation. The 
frequent loss- of hepaCAM cxpresilon in HCC together 
with the antiprolifcrativeeffect of hcpaCAM meets the most 
imiJOTtant crltena widely used to define tumor sxtppreasor 

In addition. hf.paCAM is .napped to the human 
chromosome liq24. Molecular gcnetic and cytofjenctie 
studies l^ave indicated that the loiig arm of chronu.sorae 1 1 
IS one of the most common targets for chrofnosomal 
abenatu>c.s during the progre,Mion of human 3ua]ii.nancie.^ 
lunior suppressor genes encoding cojl adhesio« molecute.-! 
01 tlie Ig supertamijy have been idenUfied on nq52-qter An • 
8-likc adhesion molecule TSI.C1 is a tumor suppressor at 
Uq23 and itt expression U.rough promoter hypenmetliyla- 
tion has been ruponed in the development of many hmnan 
cancors such as cance.ii of the iung. cervix." l)r<:„5t 
and prostate {35]. However, no smdies^ have reported 
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/• n.0P22 ^ a.^^e-'^aea by Mann-Wliito^ <««t (B> cd( growth cry. 
The growth ra(e of Oig ceils ftom clones 111 nu.1 H-Z/rtoM, ! V 
Willi licDsc'Aiv/i vo «-«™esiii «iiu Mj <^aWy Jiwiafcctcd 

W W i.cpac ./m-vs) was camparcd to (li.it of the Mils fi oiii VX and VI 
n/TT-n ^^<., > ^ Twivr Kiooe) fpr 5 days by nxlcrotelrazoiiuiu 
(MT-D ftssfiy.i^ala reprcsci.1 means ±SJ> <* «ni A^^^t *J 

I., conclusion, we have ideiiUfied a novel gene bepaCAM 
that encodes an le-Uke celt »rfh«.s^ ccpauAM 
fc^T^oi-Ak^ . / *g "Ke ecu adhesion mojecule. Gene 
hepaCAM 18 fouad freq^cUy «ie„cc<I i„ hui,,«a hcpato- 
ceUuJar CDrcmoma and ihc cene product « shown to be 
a trDnsuicmbrane. glycoprotein. -When ro^p„ssed- in 



HcpG2. hopaCAM is capable of mediating cdl-matrix 
a^esjon and cell motility, and exliiWts antipcoJiferative 
effect Hiis stndy sufgesis that hepaCAM is a new fe-JiJce 
crU adhesion molecule wliich may play roles in cdl-niatrix 
interaction and odl growth leGulation. 
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Structm al and Functional Analyses of a Novel Ig^like Cell Adhesion 
Molecule, hepaCAM, in the Human Breast Carcinoma MCF7 Cells* 
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Mei Chuxitf Moll*, ChuuU ZJ.anjrt, ChmtU Luo§. L.ny Hoon aud Shali SHcntTi 
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We b.-^vc recently idflntiRcd « novel gena, hi^paCAM, in 
liver tbat wncodos a fl^II adIiv»ion molACule of tlig hwrnw- 
noglobuUn supArfamily. .Tn this study, we cx;,jaincd the 
char«otori«tJo6 of |»vp«CAlVl protein u,.d the relat<<.n. 
ship h«twf>6P Its structur« and ftmction, in partf onl.nr its 
ad}io«.ve proportiea. The wlUl-type and tha ovtonlnsiuic 
dot,,atti-tx-w»xcat«d T.,„ta.it4. of hepnCAUt were trans- 
r^etea mto Hu. haim«n bvcftat carcinoma MCFT Cells, and 
tho pl,ys.olu«xcal and biolofiioal propwties wero »«- 
a7 ' Aimly««s r«v«al«d that hopHOAlM is 

iV^linkod clyooprolvin phosphoxylatcd in th« eyto. 
pJaamlc dojiiam «»d that it forms howudimers throt,gh 
i^»«^!f " ^"A^^ fixn-fnco. The aubcollwlar local, 
»zatlon of bci.aCAM appears deusity-depend^n^. in w<41l 
apr««d ocllv, hepaCAM is distributed to c«U protUisions 
whoroas in confluent cell*,, hepaCAM ie prcaojimnantia? 
«cc«mt,Iatcd ut the eitc, of cell.u«II oontnotv the cell 
tnembrauo. In polarized «oll«, h«po<JAM is reorult«d to 

intera«t.on, hopaCAM is, sho^vn to oodooalxv=« with li- 
oaahorm at the latcrwl momiirAne. Cell udh«.,lon and 
^uotihty assays dc,„onstrat«d that hcpaCAM inor#,.-»«ed 
matrices fibroncctin and matrfgel, 
delayed oeu dotwchnient, .-Hnd chanced wonnd healhig: 
Fux-th«.-,norc, when th<» o^opluBmlc domsjin was dc- 

caliiiatlon and dimer forniatioa. C«^^.r.^atrix adhesion, 
however, wu.s less slgnificaully increased, ^ud cell ia<,- 

!Vr ^ IJ'li?''"*'?.*,"****'"""^*"' ^^'^'^ <?o»uparud with the 
effect of th« wld.typ« hepaCAW. Take, tofjether, the 
cy topIasnHc. domain of hopaCAWt is ovSontial to it« ftino 
tion on cell-mutrix intoraotion und cell motility. 



Oflll arthocioa ,» a dynamic process easential for the normal 
development and maiuteoance of tifiBuce and ortajis in mulH- 
cellular orgwuiams. Gall-oell and ceU-matri:. interaotioas are 
meclialetl by a large and complex nmuber of call adhesion 
.moloculea expr«K^-ed on the voll surface that interact with each 
other in a opatially a."! temporaHy regulated manner. Accord- 
ing to tbe.r structural and functional features, coll arfhesfon 
molecule* are ^fenHz-.^lly clacsifigd into at l^ast fom- mujor fam- 
ibe«: the oadheiiDQ, intuyrina, eclcctiiu. and membeie of tJw 
immuiioglub.iljn superfamily (1-*), Apart «rom Unkitt« cells to 



■►Tliia atudy war. aupf ox-tea by the Rio.ucdical Research Cttunail of 
ardoU wero Aif^y^j ,„ p^^j the payment of pLa choigcj -nda 

Z ^"'^ly Snrticute this fact. 

11 To whora coiT«9pondcnofl BhOdUl bo addressed: Dapt. of PIwaioloKv 
t'acuJty of McJicine, NAtional Vm'^^^it, HlngypoJ^ T 

^7^^161, hr-mail: pii«S3l(t?nUfl.edu.f!£/, 



each »t>ier or to componctiLs uf the extracellular matrix, an 
ftxcitinif concept lh«t has ^m^i-^od from racnnt coll bioloj^ical 
is that cell adlacaion molecules function ala« ae rccop-- 
trtVR cidtical in modulaWne' siig^Aial truii«auntion (6). Such hitep- 
iicLiona arft vital for the reguJation of' cellular adli«s{on, proiif- 
<^ratioii, aiJOptosis, rai^jx-atioxi, and difrerentiation. 

We havft recently r<2portecl the idenhTic^tion of'a nove^l ^eiic 
in hvor, designated fie hcjxtCAM (GenBank*^^ Ay04Vfifi7) 
vvhich was cUflcrciUiHlly expressAd in human hepatooailular 
carciuomu. Located nn humaa cbromosome llq24 aaU span- 
mn^ 7 «xone, hepaOAM uncodes a nov^l mombor of thft \mmu 
uoglobahn superfamily. Tlic predicted prot«m of 4X6 amino 
ttcida djsplayi5 typictil atmcturo of Ig-ilfcc adlw»ion xnolAculcc 
including two extracftllular domains, a tr.^ncmciUtbrane 

aeffmeuL, and cytopifldmic tail. In addition, whon «xogenoncly 
oxprcGGcd in tkts human hopatocvUular carcinoma coll line 
tiopG2, }i«p.^OAM accelerates u«1l .'^pr^^adiag and iucreaso« cell 
motnity (7). 

The incdiani,sm ot hopaCAM in riiodiatinff celJ-matrix iiiL«r- 
uctjnn is unki:iow«. Huwever. fcr^uefection atudie» with mutuut 
<ind clunionc constructs of other odhosian molecules have sufj- 
if<?ated that the Btructmral f«atiii-es of adheciun uiolRculec play 
important rolca in mediatin(T theix- pliyiiioloijioal and bioiogi\;nl 
lOlcy. structure and;fuiicti*j« ytudy of JC^cadhenu ruve«l.s that 
thfl fonrnatioxi of a^dimer is ftind.iimcntal for cell adhesion and 
ni uOition of cM-dimor formution is correl,n*'4?.d with the lack of 
cftlKr.ell intomcUon (8). For (JfOACAMl, it has b«fin propo^,,,d 
U^uC both kho first, c^truwllular Iff domain aud cytoplasmic 
domain arc rvquired for itfi fldhe,5ion function (9). Thnc dciln- 
uig the moleoular orgaaissafcion of hapaCAM may help to eUici- 
n«te tJiQ fujictional ralfi.<i of hopaCAM. 

In tliia .study, we ohttad to charactflri?.n the ph^aiolo^cal and 
biological propertiflK of hopnCAM' Hnd to inv^fiti^atc th« impor- 
tancH of the oytoplaamic domain on hepaCAM functions in tin, 
hcpaOAM-dafidftnt MCF7 ccUft. We showftd that licpaCAM U a 
phoaphoxylatcd gflycop^^tHin that form^ ciVhomodimore on Vie 
cell aui'facfl and mediates ceU-matrix interaction. In addition the 
cytoplasmic doiaain U required for ceH-niatriTr modyjltt Lion but 
diHp«n.sabio in eubccUulur loc^ali^^ation <md auxfacii dimeriaaUon. 

eXPEIUMENTAT. PROCKUURES 
^VtfsmW Oo/Ls<^ aoquence of hapaCAM 

aud its mutants wi A truncated cytoplasmic domain vvcrc generated by 
FCU ninp incutiQO, necDNAaof A*vittC.Wre«du«s l-41fi<wlld t^T^T 
rcszduea 1-320. or rcswlue* X-26a wara rJoncd into pEGFP-N2 vectur 
u^'^A^r^' ^«5o Alto, GA> or poDNAC/7i?.Hi« vector (rnvifcrog^u). at tha 

KcpuC/OVl (residues 2G0~<t 16) wa^i cloned into th« %111/Sail r«,tricti^n 
«tt«a of tUo PQE40 vector (Qiafjen). The ucqvences ff the rocon S 
plasmidfl were verified by sequcndng. .wj.«ujn«ni 

.hSti^ 51'"'^^'*^ VVart^j/ccCrW-The MCF7 hrenot .cur.iaoiaa cell lino 
obUln^pd from Aiiwncan Oulturc CoJUvtion ^MancifisaD, VA) waa 
mamtamod in tho. rcooramcnded condlMortfi. Tryunafeotion^ of MCJF7 
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^r^S6,oii of wil^-type aua uytopla.,- 
\loma^ muL-int^ of h<>paCAM, -A 

^ of /WAAT w^t^ elonecl mto tJi, "u- 
t^' O.t carcinoma coll Jirto EX. 

pEQFF^2 vector and OPP,fu^^,d wiW^typ^ 

pcUiSfAOTC-Hw vector and V6.fu9€<i wiW* 
typo and fuuUint hapfiOAM U\ UCe-l oalia 

hep..CAM.V5. X>o.lt^on3 V ufa t„S 
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detected for 4 >vcc^ "/C ^th' 



Jt^? <io"»»"t./i, residues 200 416 

pofyclonni unUbgc^y, Potential o... iu./tf^^: 

sJto5 in flin eytopJa^mic re^on woru identi- 

nm.no aad.. c^li i^.^to prepared 'fi^m' 
^.3A ccl|(; v«pr6S{nn(rondoeei4gy;j hopaUAM 
(^i«e3 i axxd 2) or MOP7/},opaCAM.V/5 c^^lie 
Oxprosaing dXO/janoim liCpaCAM (/cuir^f ? 

CAM /.rvU^tn was detected hy Wi.««tern Wot. 



was rewlvud by S JS-r^'^^f^^r^."', ^ overnight at < 'C. ProUin 
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FiQ. 3. N-Liiiiztid ffJycosyialiQn of 
LojpaCAM-GFl». /\, iUustratiofi of the 
secondary strucu^re of JicpaCAM pvotein 
hepaCAM owao th© typical stnictmc uf 
prnteiiiij in the fii]mujioi3;1nb\iIiii super* 
family, iucludinr: Cxtrucellular S6g- 

imtU iff.Jiko domtun and a mAmbiano- 
proxlmal Ca-type ig domain with u 
riifluinUc bond formed botwoon two cys- 
teine fcsiduBR (3^3)^ u transmembrane 
region, and a cytopla^/ai*; tail. Tho J5ix 
put^tlvd Ar-3iukod glycggylation fiitea ^^rc 
indicato.l hy iU^ symbol ^. i?, lafl p^fjvl 
cell lyoiiU' was preparad frojn MOF?/ 
h0P5iOA3vX-GFP Uftnffrt Si <»nd 5) lrw«ted 
without (-) or with C+) iV-clycoiiidase K 
I.irvicut^d parantAl MfiF7 collg (tans i) 
r/^S^"^^^^^^ ^'^^^ control. Hisht panel, 
rlS^'^ '^^"^ trftrtcfcotod with hapaOAM- 
GFJP wero trGated with tunicamyoJn at 
the indicatnd couccutr^tions for 2*1 ho 
for 9 lyaif:. Pi otuin samples wer^ refJoWtnl 
by son PAGE and sut^acted to Wnutcrn 
blottin/^ with rtiiti-GFP antihoHy. ,9o7t<^ 
and oprtn if-t rowhead^ indlcato fiijrnalu for 
<jlj'oor.>luU d und dcglycosylattid proluin^ 
reopoctively. PoflUione of thn jiiol«cwlar 
flK^-e mai kuro are aKowa on the Z^/^. 
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fi^T. ^pf,l*"* '^'■■""""> •^'><«» to<»n>»t«rf Sr„ 

tin thoi- 1.0 turn pnor t<) Wostevu .nuilyai?. 

Olleofin«olinr,dcs, th« coil lysato of MCF7/hapa<JAM.V6 was troalvj 
w.Lh peptide iV-filydo8id«f;« P (New England Biolnl,.,) „.vordin(r to the 
mAnufaota, i.„,tr«c«on3. The sample/. v,„rc then subjected to W«st! 

Chemical C,-.-,ss.linhing- -A .iioaolaysr or ft singi* «u*i»o..ston of calls 

pi^c«^orDTL'^pfw''''^*'r'"'''^?^ ^-^'^"^ contatn.4 „,m Bas- 

.T1 or DT^oP (Pioi cu) ut rooro tempsratii.o Co.- SO rain The leac 
tion oucched with the addition of ?,0 ^, TOs-HC). pir 7.5, fo> (ii 

befora anrt «ft«r oU«.«««l croaa-li«fci„g reaction, DTSai'-oroRr-flnkoU 

dUhiothre tol, M„l«fin indicated. Cell lysat^o waa prepared itx radiolm 
.ou.,oprcc.pitation assay buffer coxa.a^inff 10 mn'^iodoJ.ll.^aS^^cloT 

2% r.'rr'^t K^r^'^T'^""' ^ovo^Mp' were fixed wia. 

P«^»«rw'oitldehyde nod ,i..,r.ueubilieed With 0.2% Tiito.. X-100 Won. 

nS';. ; "' rr*''^^'^ ^o^^ tea^ta"o>'^, 

«i.l-.b«dy, and subsequantly otropluyidin-fluoreficein. For loeulizution 

Cambrtdcft, MA>. Proteiu oxpraaalon of E-cudhcrin was de- 
Mcted uslnc .o^DUSo wOi-E^adhcrin antibody. I.iotin-<:o„}„r..tort goat 
J^ J^,",^r?.1 antibody, «„d subsequently avidln-mtTC conjugate 

Cell Sprea<ii,.([ -CcIJa wera ssndcd onto COVeri-Ups coated with 40 
ol raatriB«t baaoment raemb.u,K. matrix (Clontech) o,- XO ua/ml A- 
broncct... (StmU» Cn,8 BJotechnoloey) «id incubated vnd^v d 
culture conditions. Cdl .^oiphotofflr w«« obl«:rv«J by microscopy. U«. 

daflned a« calla with mended ,,„,c..,,„ (j,,. pire«.t.„r« of^'b 



hei)iiCAJVi:-ei!'P - + + 





DTSSP a,d -d fehiobiQ (aulphosuccinimidyl propiciiQto)' GFP ^reen llu 
orescent protein; TRITC. totran.cthylxhudamiie isottil^^^^ " 



(KDo) 



domonci.rAU»g apr«ad morpholonj' wao atUuUiaed in 10 ra^ido.nly 

mM'^^n?Ar''T'''">, Ti"^''.^ mot^oJay^v of ccll« wa:, detached In 1 
mM KDTA In phoBphat«.l>ufriir6d saline ni. "C. CeH dntAchmout *vtts 
Sll'lfrvln^^^^ th^ uwortcd micro^cop^ at 5 and 15 mi„ of incubatio.,. 
Concurrnntbr. Uio di390cme«d coJIs wer« hn» vented and counted hi 10 
jtuidomly selected fieldfl. v«u«t«n m lu 

t.i*^T"f^ wnfluont monolayor uf cells svas wounded 

with A flftonhs pU^utic aoo^^d mlcropij^stte tip. TJ»o wound wrtft oh^orvcd 
m.oroacop.caJ]y 24 and jl 8 U, Tluvpcrccnt^ge of wound Hlling >yas 
calcuJated by mottftunxig the remain! rtfi- gap «p^ce on the picturel 

^^'^"^f<^rmqU^S and Stati^tio.ui Aactty^h-^TU^ protein ^.equenco of ht- 
puOAiVl war. Ahftly^od usm^jr the NutPhos verrUoi^ wid ProMte pro 
eranifi. Non,n*r«metric analysfs of vAriance wa£: performed to rompm c the 
diffurence among more tlioji uvo mcim3. «ofUvaro hiSt,-^!. version 3.0 
(GraphPnd) waa omploy^d. and < 0.01 wnr* cor»:,idor«d sianificant. 

RESULT'S 

W/Ir^Uy^c COOH'lertninal Mutcwtltf <^f hepaCAM—^niQ 
wad-ty pH hr.paCAM ciicQ<Jea « traiismembrAue Ig-lihy adhesion 
raolcculc of 41G auuiHi «cids. To c^gcosu Uw importantly of hcpo- 
CAM cytoplaBinlo domaw iu its phy^inlogicaj and biolofrica! 
iUnctiOiii;, wo i5on«trncted two dcktiou muUntn pf /iopaC/lW 
>.CAMjnti, iaoldug Ihft «nf.ir« cytoplasmic UH, w.hk coal 
strutted hy Uunc^tbxg refsiducs 264-416 of hepaCAJVl 
hCAM_Ant2 was «m.Htrvctod by deleting resUlu^t, S9.^ 410 of 
UjipaCAM to obt.<i<n a partial oWnvagc of the cytoplanniic. tni} 
(Fig. IA\ Wild-typa /tn/jaCMM, hCAM^mtl, and hOA]\'Liul2 
wer« fused in-fjrauie at th« NH^-tftrminai of the green tluor^a- 
cent protfiin (GFP) gcuc of Lhe expras.slon vector pECFp.N2 
and the resulting plasmidB wore noined hepaCAM 
hOAM.nHa-OFP, and hCAM^n.f.i^-GFP, rcapectiveiy. la addi' 
tion. wiUl-typc hcf^aCAM and hOAM mtl were inii«rf-^d at the 
NHa-tarmina) of tho V5 tOK of th« pcDNAf>/V5^HiG vucUir and 
desigixaUid hepaCAM-V5 artd hOAiWLmtl^Vd, wspfictively 

^I^^T^^""" n ' "^^^^ ^^"^ ^"^^^^ vectoro, vvcre traii«f«cted into 
MOi* 7 cells, oiid tixe expressed were Qaalysaed by We/5t- 

Jit^Yt'^ ^""^ ^'^^^-^^'^ antibodies accordingly 

pISGPP-^N2 vector (MOF7/pEGFPN2), hepuCAM-GFP (MCF7/ 
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presence C i) or /ihsctice (-) of d^Tthtothr^Tr^? A^^^^^ ^ iodoacetamidd. Protftin naniplea woro resu^nftn^H ;n r i- ' 7 " 

drror^Smm^n '^"^^"'VP'-otein. othovwASO undetectable by 
T nf'V"'"^-^°^«^«''' when the autisermn was 
tested on the ceU ly«ate of MCr7/ii«paCAM-V5 no ^ Jcc 
band wa« observed (data not shown). W« auspectfld thaHhe 

«!r«or^ °[ presence of post-translfttionttl modi- 

Joctcd lor ant.body tj«neratioa by tbe NetPhorveXn 2 0 

oW^Tf^" ^. thecoma::' orTcsino 

pha^pborylatcd residues ^u^^ o., CytoplaSc do- 



main OfhepaCAM protein, with 2o of them giving a pntHnMal 
,J.<«,phoryl.t,on >0.6 (Fig. To v„rify that the 

1™ i^^^^ alkaline phc«phataeo. -n^o untr^^fed 
ysates wore tnchided oe CQiilwls. Indeed, ca}f i„tcctinnl aJk« 
Imc pli«aphatHae.tr«ated eodogenoue ouU exogenous he„,CAM 
were detected by Uie rabbit antis«n,m (^-traB 
that the c^pb^emic domau. vf hepaCAM i/phospho.Sr^ 

hepaC/UVI predicted «ix /^-linked dycooylation aites onTu ex 
tmcelWavdomaiu (Fig. SA). To invasti/jate whathor h "paS^I 
w«» glycosylated, f.he MOPT/hapaCAM-GFP ceinSr^^J 
«^xaat»c«Uyd:ge3t«dw.-thp«ptido;/^ 

putetaveiV.hulced oligoaacoh«rides. An u«trcat«d sampU was 

^own by Wastam analysis to be -100 kDa. wae ^^^ ^75 
kDa after d«K ycosylatton. Coi^isteuUy. wh«n m:C1.7 ccUa 
transfectcd With liopaCAlVl-wm' were ttwUid with tanU^^ 
cin (an antibiotic that inhibits ^•UaiJ'^^^^SlSTZ 
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Fro. (5. Subcellular 
hepaCAM and mutaiits iu IVtCF? cells. 
A iha locallzatlftn of hepaOAM-Gi-'P Jn 
MCP7 collfi ift co)) dL'uaity.deponclont. 

«C low de.^f;i(.jr una cultured for a fow .1^^;,, 
CaUa ot Areag of iOw density <£o/> pan^h) 
and hijrh dcuuity ffro/itom pctTi^tU) wore ob- 
S6rvacJ under a *3uw«fi<S6nc« (tjjfl panels) 
or hi>-crted microscope {n^ht panels), 
Mo€:nif5cfttivu IB X5I20. Mn, expression 
of p£;GFP-W2 (a). hCAWL.nita.Gl.U- (6). 

wt\^ (ieUctod by fluoreoouiicc roicroscopi'. 
Mp^incation X3>i0. 6', MCF7/hana- 
CAM-Va (a) and MCP7/ljQAjM,ratl-Vrj <6) 
ceilu \V€re imnmnosUUucd with antUVS 
^^i^*?**^-^ to f^etucl lpcaUxatloi\ of hav>- 
RUAM anii muUuit under a lluorfwnoucc 
microacopo. MagnificttUDn is X200. 




C 



lifI>nCAM-V5 




o*'^?"^,, ^* ^ was also ohK0,^ecl (Pit; 

3B). TLe r««ul»-.s voriflc-a that hepaOAtvf io a glycoproteia. liy 
SHbtroctmjer the molocuUr mace of GFP, i.e. 27 kDa. the cIokIv- 
coeylated foTw ol hcpaCAM is —in kOa 

rJjmarwatfoM o/^ hepaCAM and Mutant vn Plasma Mam- 
brune-VVH evaluated tho pt o-axistins forms of hepaCAM on 
^«x!"**']^ incubating a woaolayor of MOFT/hepaCAM- 

GFP rel , with US3, a xio.i«l«svablc membxaae-£mp«rn,«abtc. 
firose-linJsor. Th« coll lysato was pra,,art,rt in tJvc presence of 
J<«^°fcetamide to inhibit t>,e formation gf uo.iapBOin<-. dir.ulfidc 
bondo (10). An untreated sampl« whs included as tho control 
Ihe samplco were unalyzed by Westciu Uutting with arvti-QPP 
la th« presfinr,fi of BSS. a band of ^200 kOa appearnd. which 
£5ccinca U) represant the diaigriaed form of hepaCAM-GFP 
accompanied witli the disappearance of the liepaCAM mono- 
lacra. SwnUarly. treatment «f MGF7/hapaC5AM-V5 coHa with 
^ '^f'i^l ^ decreaae of the -VC-kDa monftmeric form of 
iiepaOAM and an accumulation of too hi^xer molecular weight 
8peaos at '^150 kDa. although no diaMnot band was noted (Fi,;. 
4A). W 13 po33ibl« that the auti-V6 antibody *d not njcogni-^e 
ttie higher molecular waightapecics oa offioiently as roonomors 
To examine whetUw hepaGAM forma a homodimer un tha caU 
aurfaca. MCl.-7/hepftCAM-GFP cells ware lroatod wiUi DTSSP 
a rcducjUle moinbran&-imporfflieablo cross-linkor. In the ab- 
acnce pf ttw reducing acent dithiotkreitol. a significant in- 
crease in the 200-lEDa apeciaR waa observed. However, when 
difchiothrairoi waa added into the aamplc buifcr, the higher 
molecular maas was reduced to tha monomerio form to a level 



closely comparable witQi that of the untrastod colls (Fig Hi) 
^!!^lr*l?'""^' <=°-e:-:P'-«s««ri hopitCAM-GPI' and hopo- 
CAM.V5 m MCK7 colly, iiiiinunopracitntated U.« cell lysatft 
witli anU-OFP antibody, and immuaoUotUjd with anti-VG «V 
. >-Cvvaled co-immunoprecipitaiion of hana- 

OAM^WP with hapaCAM-V5 Wig. 4C), demonstrating thut 
hepaCAM moleculea dimerized through liompphilic intor.«.r,- 
Uoft. To examina whether taillcas. hepaCAM nvotolns, furm 
dimer-3, MCtV/hGAAmmtl-GFT crtla were treatfld with 0S3 
and «^aly2«d by Weatern blotUrtg (Fiff. 4D). Ihc monomeric 
form 0thOAM_mfcl-GPP WHH dimiiuehcU and replacftd with its 
dimsnc form at -125 kDa in tlie Befi-treatod rumple. Intar. 
VJ^J^' "* sample of hapaOAM GiP and 

hCAM mtl-GIcp, protein apaciHB that Bconied to r^pv^.sent the 
dimcnc form of the proteins were obaurv«d. lOns phenomenon 
cjMtId be duo to covHlmit bonding between tho. .hmers of hCDa- 
n^''^i^r^f GI"?- determine whether hepa- 

OAM-OrFF forms r.ii;- or (mvi^ climora <m tho cell surface, bufch 
adherent monol 

CAM-UKP cellG wore treated with BS.'? mg, 4E). Hie extent of 
dimynzahon was ^:omparable iu both aHherent and auapnimion 
ceDs, widivatiuff that hepa(;AM: hoiiiodimaritsation occtu's pr«. 
don^innntly throu;^h c/s-interactionfi rather than trans-ixitevac- 
tions within the plane of tlio membrane Of indivicluaJ ceils. 
Subcel ular Urxili^ation of h^paCAM and MiUmit^ In U0F7 

CAM in MCJP7/li«paCAM-GPP cfilla at low mid at hich cell dcn-^ 
sitia<; by fluorcawxiw and inverted micixsGcypy (Fig. 54). Whco 
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r-^rn^nAc;^^^^ ..lis grown ...flucu.e «n the .Van...)) nU.r unit . 

lluorftftccin rliodamix.a cirU.,..f.mn J^^ll^.^?.^ ficannmg .torifociil microscopy v/nn »P.rfnr™.H ^♦^T^ur" 

Stained 

noprecjplution of 




17^ "^"i^- 1»«P*CAM protein w«» localized to punc 
tuAW 6tl^,ctu,.ii3^ln tho perinuclcflir membrane, r.ytoplasui and at 
" l^ftl'^t '1 Pxotrusion*. wluch w«« about ^Zlul 

t.o«fcac^ with «a)acent cell Burfiwca. forming zipper-lila- «t™c- 
tx.rco. Once U.„ boc«m« confluont. the pfol.^ U\ocl\^a 

Qi HMH of coll c^u co^tuota. The r<»«Us suggUt t.hct tL :.ub- 
c«llu ar looah.«tion of HepaCAM ia cell dtn3U.y.aep.r„Wt 
We also ax.,mmod th« «ffeot of feepaCAM cytoplaLic dom«m 

hCAM_mt2-,»pp wer« both rftmritcd to the plasma mem 
and MCl.7/liCAM^tl-Vr. cells immunoHtainad with anti-V15 

tW th^ '7 <P«». results iudJcat^ 

Scl-Iiao? rfi«Pcu.abl« for membrane 

MCl-7/hopaCAM.GKl' r.^^lb by confocal l.<,.,er eoamuug micros- 
copy (Fifl. ^4) Tixe cells w«re al.o staiaed for K-^Zcr u 
Wluch local.z«fl Jn tho lateral cell surface, to compare it., loc«" 
''''^ J^epaCAM. I„ Lhe X-Y sections. C^S. 

GPP was diainbut^^d to honeycomb-like stm^-uree at gcU-ceU 
boundar.«., which significantly co-locaU«ad ^th E-cadhe^a 
in tho i-Z vertu-^I croso-secUoD, tho distribution of E^dharin 

?^f«nr^'" contoot with th« TVawwcU menibrana. Because 
Hntod Xth"^' E-cadhcri.. appeared to eo-locali.e, we iav«.ti- 
hvf . '^^''^ P^"'"*^' '"t^r.^ctioa^ between 

r °J^°;*™"'"«'>i"-«'«Pitatioft (Fig. 6B). Cell lyeatc prcporcd 
from MCF7/hcpaOAM.V{i wae precipitated ^^rik the anti^e 



ftHtibody and subjected u. We.storn Wottiag uainc the onti-E- 
cadhftnn or aaU^VS antfbodfec, MGP7/pnDNA6 <!«U lyi,ai„ v,.nB 
"(Cluded in thfl expenu,v«t as the control. No c<«mmunoprc. 
cipitaf.,o« W03 observed ««c0««fcii»g Owt B^dh«rtn aad h«pa. 
cam: do not phyfiifi.^Uy interact. 

Cai/-A;„«,7jt i/.(i>, ac(fo» by JtApaCAMand Mutant-Wo oval- 
natod the adhesive propcrticy of V6-tafrff«d A«/)aGA^ and m.i- 
tant conatruct^ on the M0F7 r.olle through cell affRi-ftnatior. cell 
adhesion, and d«r„,ohn,cnt u,,^ys. No chaf Jo^li « " 
tjr«Ka^.,„n was obaen'ed .^mong MCFV/pcMNAC. MCF7/ 
hUAl^_j«tl-Vfi. and IWCF7/liepaCAM-VS celts (data not 
«h<.wn). but hopoOAM wa.s capable of modulatinc ccU-,u«tri"' 

MCF7/hcpaOAM.VD exliibit«a apraad tnovpliolujjy on fi. 
brouoctw. «t 30 mir. and 2 I. „f incubation. respfictTvoly i.. 
contrast to 40.8 mul J>8.a% of the MCP7/hOA.M n>tl-V5 coll" 
o«d 7.S «nd 18%of MCP7/HUDNA6 celig (p < O.obl) Si^ar J 

(^«0, 8). MCP7/hepaCAM-V5 cells detached J.8.9 and 21 6 times 

MCF7^CA1«J«U.V5 cello, on the other hand, dut„ched 3^ 
and 2.2tmws dower th,,n lVIGF7/pcDNA8 cftll.^ at ti.uo point, 8 
mm and 15 nna < o.OOl). The results showed that, in oddi, 
n^TvV ' «'^<^«collul«r and transmembrano domains, hep- 
aCAM nceda .ts oytoplaemie ao«.ain to mediate strong S- 

hcpaCAM and mwtant was asaessed by matrigcl invasion arid 

nrnNAa"tr^M"'T "i"'^^^ ""^ ^^'''"^ expressing 
P<-.1)NM. hCAMjnil and hepaCAM znigrated thiwgh tho 
W iVan^woU membrane (data not sJwwn). This obaorvaiion 
could be oxplamcU hy the poorly invacivc natura of MCl-^ ccUa 
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^ 60 
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30ltliii 2'hr 

FibVonectin 



hopaCAM-V5 cells filted 59.3% oftlie scratched .^ron (p < 0 oj 
compared Mdti. S6.8% by MCK7/hCAM ,uil.V6 cellX - 0 OS) 

III our previoug work, ws identified Q novol iK-lika molfl- 
cule, h.paCAM, which exhibits typical .sar„c.t.„ral chora^ffi- 
ly C/)'?alr ' t f inimuaclobulin .uSm- 
biolog.cH charactoristica of h«p«CAM an<l tl.« reUtlon«Wp 

to thrrj f '""*"r ""'^ I'-«<'^^»«riy With r«,S 

to the cytoplasmic t^omam tsii^o^i. 

heScZ"!^?^^"" <3^opla^n;n domain of 

hepaCAM contains a pmUne-rich region that provi.W putative 



cite, oi semWtl.r«,>n,ne and tyroalue kioasas. Kxperiii.cntuUy 
we «howod that tl»« cytoplasmic aomuia i. phnsphoiylS' 
™cgc6t£n^ ftn ,mportu..trc.ln of the hepaCAM cytopUncaic Jo- 
ma,n m oignalmff caaca<l«K controlliag g«Uular adhesion mo- 
UlUy. morphology, aud all proca^soe dcpcaOiag on r.he cyto'ckol- 
«to„ To evaluate the aigaificHnoe of the cytoplasmic domain 
wc U-ansfectcd v.iW-type .ad cytoplasmic domain-trun^S 

!r r V o^/^^ »Uo MOf"/ cell, and Kna!yz«d thei,- 

cffBcts on hepaCAM functions. 

B;.,.hBr„icnl analysia revealed fj^at hcpaCAM is a rtycOBy- 
huod protem and fovms a c-i.v-hon.odimpr vn the c«ll 
D«l«t,on „f the oytopl«smicd,n„«in did not interfere with dltoor 
n.rm«faou. QviggcaU«g that dimmjsation m«y be stabilised by 
«.H extracellular ««a/or transmembrane domains h.it not the 
r T ''^^'"''^^l «ro«B-linkine Of hepa- 

CAM or Its iuutated protein both chowcd the pr«senco of high 
molecular weight protains, indicating U,at hepaOAM may foS 
other endogcnously «xp«aeed cdlular 
PiOUsan^ through ir« extraccUulor and/or tranammbrtuie do- 



1 

i 
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MOP7/pcDNAG (/e/^ j^^n^la), wlvJv 
pflrte^^), and 
MUF7/hopnOAM.V5 (H^Af pa;Wrt) ^,oJla 
w«ra dcttichcd in I mM EDTA for 6 min or 
l.*^ mm. Tlio microacopJc photos were 
lakfin undw X200 arid xdOO nui^ifica, 
tmno. At 5 mtn or IS mm nOcr incubation, 
»-l»u totai number of Oetach^a ^cils wae 
couAUJ in tan s-Aftdomly *^Ucte<J finl<Jc^, 
ond the porcentacjo uf cell daU^tKmeat 
was thei\ computua. The data rdprsRont 
meanfi ± .s.n, (/, . 6), < o.OOl r.« 
Basaod hy unulysi? of variaucft. 




3^ 



HhojtaCAM-VS 





i'lo. Q. Wound-hfialitt^ aa^Hy, Wounds 
t^nf.t ^^"^^ iH{n.'.lte tip on cojifluoiu 
MUl- T/pcDNAC iUfi panels), MCP7/ 

MCF7/hapnpAM-Vti <«:^A| p««oZ«> celr» 
and aKowod ty heal t\>r 24 and -Jfl h, Tiie 
mir.ro/^oopic photos wore tatwrt under XlOO 
magmficaUon. Tha dKimotcra of wounds 
wen: mcnaured on th6 miraoftuopic photos 
Mil). 24. jind 40 h aft«r wuuiidmff, Ohanffos 
m wound diamstoi- wcru cQuiputad into 
porconUj-ft CmctiuG :i_ $.D.%, a G) to rrri- 
resont wound n1u.'iur«, p <ri'.01 Ac as 
SftSeed hy o»udyaia gf variance. 



inains. Alf^mativcly, it may repreoont Wglwr order homo-oli- 
gumer« of hepaCAM or its mutant. It is interestiag to ol^J^e 

^JZ Z?T'"'- ^«»»Pl«^ Althouch tho mooha- 

mem icsulting m siicli mteractiott ia unknown to us, Uunter ct 



r V-A ^hmd a ain^ilar phenomenon :„ 
C-OAM. and ra.sc the possibility that C^cm dimiin! become 
cavalcntly hnkod. pcrhap. thrcuRh the actiouoftmnselutaS 
n«a«, ail enzyme which catalyaea the formation of Twglutamy]. 
c lysine bonds in a restricted nuaiber of cellular proteins 
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aubceUuior loeaUzation of h«pflOAM ia «t02i|i(ilvrizcd MCi«7 
ceUs showed that hopaCAM mokcwlefi were rccruiteH to th^ 
cytopluamic membi-anea atdtea of cell«<:6U attachment Tn no- 
lanzcd ccU;?, liepaGAM wae preferentially eTcpreeecd in th^ 
lateral .-^ind basal luombranes, Oo-locaKzaUoii analysis demon, 
stralcd that h^paCAM co-localized latemlly with E^cadherin 
btit no pUyaical interaction between thn fAVf> molccuks was 
Uotecfefld. We 0I30 ahowed that partial truncation and roittploto 
aeiction of the cytopluyuiic domain did not olUir the plasm.^ 
PpTif^A*Si iocali.^tion. It has bflan reported Uiut the 
OJi/AOAJNIl cytoplasmic domain regulates its latftral locali-za- 
o^AV^i^!.. ^^'""'^ cytoplasmic do^aina. isoform 

OKAC/mi^S distHbutiou iy ..xclusivflly apical, wlivrcaa iao- 
fonn 0)^ACAMX^L occurs both in apical and latere*! roll cm- 
tacc^ (13). However whether the lose of cytoplasmic domain 
«irucf.5 the lateral and hA/ta) localix^ation of hepa{3AM icnmina 
to be detHrminod. 

T^'nctionelly, lirtp^CAM is cjipc^blo of ir.orfnlating ccil-iuatrix 
jnteraction/ Cell adhesion Lu the cubotraVum plays a mtHal 
rol^ m ceU ungri.tinn, which a key asp«ct of many norjriwl and 
abuurmal biolo^^cal proce«««», includirig embryonic develop- 
m!' iV'wT"'^*^* '"'"''''^ healing, and ui^t»^tH^io of tumor cella 
(14, 15). A'hG dietnbuUon of hapoCAM on the ba«al m«inbrano 

K ''''^ f' ^'^^^^^ pn.^.'Jible ir<r/te-iatorauLion between 

hopaOAM a.d the sub^tr^te. Ev;d«n<:ly. ooU spro^^di^g, cell 
doUchmcnt^nd wound-healing aRKays rovcalod increased cell- 
sub.s rate f^^^mty and cell motility ju^dmUd by h^paCAM. 
nW.f K 1 ^'>^Pl^-^^"^^« ^c>n.ain red^iccd, but did not com^ 
Pl6t« y abrogate, cell-matrix adhegiou mediated hy the wild- 
type UepaCAlW. buplicatiuK that, to a cr^uoidorabk-' extent, tha 
excra.ftlUdar and tran3m«mbr.^ae domaina are able to Initiate 
adhoaiou. Howavftr, the rate of wound healing of ccUs cxpress- 
izm^..nt hepaCAM was close to the level of the control nolle, 
indicatuig that tho cyT^plaamic domain is efifienti'al for mcdiat' 
mg woux.d recovery, Tlie data impliee tihiot e^Il-matrix adhauion 
5ind ceil motility art. controlled aopurately. and ph06phoryi«tion 
of thu cy Lopla,,mic domain nmy play a pivotpl role in the r<im- 
lation. Indeed, phuypharylation of OD44 was shown fcn vcgulute 
To K ''""^^ «?*Oblast ,ni«ratTon on, but not attaclunent 
to, a hyahivonon subHtratum (!<?). AdditionHlly, it has been 
propg;,t;d for thft cadhoiin^ (8, J7, l«) and fov CEA (10) thnfc 



Stnicturf^ and Fuiiciion of hepaCAM 



ci5'diuxcriv.ation wiU lead to slrani^lhened coll adltesion, and 
c/s-homodimer formation of IGAM-1 «rjbance5 its buidinff to a 
leukocyte /^2-integrin (20), However, the functional sicnifi- 
canco of Imp^OAM post-translatlonal modification anddimer- 
ization in reoiilating cell-matrix int^iraction is atill under 
invoetigation. 

In eoaclusion, wa have shown that hupaCAM ir, a phospho- 
rylatcd gflycoprotein, forms cis-homodimers on the cell surface, 
and modulates ceU-in<itnx interaction. The cytoplasmic do- 
iriain, althou|fh unessential for cell surface locali7.af.ioii aud 
. dini«nzatio», is required u> maintain 0 conipleto functional 
form of hHpaOAM ao a modulator of ceil-matri:t iateracMon. 
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endothelial and platelet ^rZn^r [^""'^^ VaaoiiW 

jiff) like Ibldi.. w« dSijj 

nervous s^ten,. li, livor C and hu«na« 

humans, and is not ' ft^pressum Is very tow i« 

o^KOus mien u, which one 1,^^^''^^^^^ 

novel protein had bceii rent«^7. '^"'^ encoding fcl,« . 

tral canal of the ■^phS^^"a n^"^^^f """"^ c^*- 
showed expression ni«1nly nrNp ' ''''''''^^'S exparimoaU, 

t^e ONS glial ^^u,, w^^Zoc ufrf« in 
postnatal mouse brain dDvPl»n2^ ^ up-™(JwJAtion durinc 

mental atagee of oilnd S ast^^""* -"^ "^'""^ '^^^^W- 
contact aitfs Ii^ A9r^ astrocytes m pixxMasew aiid at 

ize« with GAP4« ii'oif ^rtX'^"'' "i- Glit.ICAM colSl 
«ie data prc^nS ferrLT"!"''^ Gv.r^ 



claesi/ied into four m7i> p • .' ^^'^^ Jjencrally 

"O; well as for .nal Wq"V'^^^^^-'^'",'^<''Ph«I" 
participate in t}>o mSnlT 

network., in ti^, adulT?Sfv?/"^ function of neuronal 

•n netnons b„t recent eS^^ n»amly been invesfciga<«d • 
nlso play a roleS rafts/ ^ '"'^'""^ that.th«,-e pwt«iQ« 

several l/jOAm are involved in VhS !'- ^"^h^n^ore. 

schwaxui cells. reSSvdy Tho and 
with myelhi is c^Sl L «^ envelopmoni, of axoua 
^^d thus for tL SSSfflTtrf''"'"'. conduction, 
aiid Bropby. 2Q(C^if,f*''^«^°^theNS(Sheri«an 
bean doa^^d to be i^^^wT' .r^""' ^^'^ t*^^^' • 

up tfao w«Hs «f thl 5 isfco 

vwiwKaes, iheso ciliatod opithcliaJ . 



INTRODUCITON 

C«Uu]ar adhesion molecule.^ CfAR* \ 
rix interactions, -aey «re n<J n'f 

w«an8 and tosaue etructuTOs, but arc 

W»8 Wi/oy-LiM, Lk. 
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GLKAIXJAM EXPRESaiON IN THE CNS 

p/wte dehydrogetmnP. (OAPDH), which was amnlffi,.^ , ■ 

using primers 5'-CCACCCATGGCAAA'ITCC-3''^S t ^T"^- GlialCAM yms r«,,lace<i by a cossotte 

OAACCr-8' and 6'-'iXUGCTCCAGCACA^^^'and r'''"'*'' ^^"PPl<^™entary Fiff. 1). For the iJ^f^JepS? 

US expression was quantified with the ho«,S^^^ S"' T"^' ^" '^'^ '^'"«JCAM hetSvCs 

ACCGTGA-3' and e'-GCCTGGATGGGTAGGTACASGT" ^•"^'^"Ig 4% Paraforxnaldehyde. The tissues Ztl' 

the SDS 2.2.2 soRware systcn (Applied Bioayaf^ns). ^ S sofuSf fo^ l^k^'S'"' '"^"^ '"""''"^'^ ^''^ 



W«stem Blot Annlysis 

Mptoelhancj. Mouse tajly^afes .^^re SSt M 
lows, wociflo or„™8 from adult OSyKfriSc. «^ 

T ■?°7'''-5r' ""'»"»• '»««'<»■ ««S 

VitQcno, isasel, Switzerland) usinp a Tiolvtr^n T n».^^ .1 
o,.d unbroken coUs wBre ~cl ^'^ViS^n ^^^^^^ 

overnight with pWma^ antibody. AlS tSfw^^.f 
mombrauc. wore moMcd .vith per<«i£;5;X^L' 

m lGrd«?/r''''^^\^*""i' ^'•'^ then visualized uS 
■ uiilTSdo™^ ^^'"^ H.althoar.. Little cLf2 



xb^te solution for 12 h. Tho reaction w«« then .stopped 
and t.«sue sections were countcrst^i^ad with nuclear ?cd 

w.. perfomi,5d double imm.mohistochemica] stoininir on 

iSrZ' r 't^r^'r- •^'^^^^^ ---"^ iucuba "u over 
tiof VtOO 2,v?nS»'^ antibod,«s (dilu- 

tion 1.100 to 1:2,000); rabbit polydonal Duti-fi-rqHctn.!! 

Mof if^ ^ '^'"^'^''"^ (aigaia-Aldrich, St. Louis 

'^Lu -fc,"T'"' cnti-GNTaso (Cr.va„co' 

a^rkcky). Hect,one were then incubated with the nvl' 

vector kiU. fVecU>r Laboratories, Biirhnffame OA) that 
>v.,-e "^^d.throughoutthopx^^d^reaccoSglo ufomS," 



FriMiary QUal Cell Cultures 



dcns,tomeU,r and related softwar! (Bio-C OHalciS 
apftcific bands were then nonnalized to CMPDH bSSf 
hr£' ^'"3^ distribution of GliSc^^n^S 
brain, we med an adult mouse brain Wot contain^ S 
d atmct brain area« qf ^ UaWo male (ChX^^riif 
Wot was troat«d aa deecribed earlier 

Generation of GUolCAM DefJclcnt Mice 
and Lac-Z Stululug 

Gl!<dCMi doficient mice were gcnei-ated nsins th^ 
V^jgone tecbuology (Kecenoron, TanytownH?!) «S 
• descnbed pro^ou^ly (Valfinauel^ et al., SaiX. the 



nvnivqt^f^ iT , 1 f "^^^ glucose, 1% sodium 

(Invitrogcn), «nd flltex^d through a 70 mn mb^i m 
cells were erown on poly-u-Lyslne llaaL rttirn- " • 
cea. Franklin L«ke«. mnnUl^lS^ r^ Bioscion- 
7-0 dflvfli Af I. i (approximate y 

Ed Ld L f"i>^ • '""""^"^ ^"'^ 

ana used in (urthcr expAvimenta Cefl mpflinrt^ 

detached OI, precursor cells (OPCa) were filtereiJ anH 
rc.u.pendcd in DMKM containing ^utoM^:^ ] Int ' 
«nd,um pyruvate. 0.1% USA (fraotfon \0 (So.ci) So 
aM Na-Hclenite m^mu), 10 nU D-biotin (S?S i?«m 
hydroorUone (Sigma). 60 ^.g/ml, ineului ^ffLa) 50 

for 3 days in the presence of 30 nM T3 (Siema) ?0 W 
mL reooinbinjmt human CNTF (K&D syB^rMinnekf 

adherent aatra^a w«re detaehed^ing t^Sn-STA 
(Invitnjgcn) and plated in DMEM eontaiS^gSO^ l^CS 



GUA 
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system 



ci>NA from hunaan und mou/je tiaaues 

CAJ/. OUalCAM exprnuion was normnl- 
i/,ea to tho ID tern al hAuceJctepinff e-PiiBP 

Kti>. Wuman dnftn ore thn crs^n gf tJireo 




^vei-c then incubotcd for 1 h nt mom t^r,^ 
,!!i.k ' '^-^ ^^'^^'^ '^^'^^ l^li^ "J^'e^ were wountcd 



RESULTS 
GHaJCAM Structure and Seyuw, 



o.^ ^H" 'Wve illustrated the GlhlCAM sene 

encodes a 416 amino acid protoin, Thy protein is com 
- posed of azx oxtraceUular region containh^rWo 

hiUe retaon CMoh ot al., 2005). Tbc stn.cfcurc of GlS- 
CAM 13 similar to sevwal mcrabenj of the CTO Lrticnl 
thymocyte marker to ;r<rnd;,u,) gone foiSily of a£S 
r«olec«Ios auch as JAM and ESm (Chung ct a] 2006? 
Homology ecarche.. of rat. xaouse. «id human amiL 

£t.>Trr human GriaS iHS 

Identical to the mouse protein 9„d 69%-te the tat pro 



pioiein ir78% (Jftg. XB). THi^ identity Iwtwecn human 

th« oTn^n-rV*^^ '^^"^ ^trlgi 

Osi^S! '^''^'""1^' ''^ P"^'" ^^hore there i, 
93% sequence consorvafcion. Therefor^, the e^tracellulnr 

rodent and 

buman specific antibodies. — *"ucuv anu 

GUttlCAM is Strongly Expressed in 
the N«rvou9 System 

fnd mlSnfS^ fixpreswoa i« « variety of adult h.„aan 

GlialOAM mRNA was present , -n t J J^JJ^*^' 

Tthl oiT^*^ but not human testis. " 

iNonc 01 t^e. pthcr human and mouse tiseuea tested 
oxpres^ QlialCAM rnHNA. OvoraJI, those rtTdSSn 
strate that the predominant «te of GlialCAM ^pSSS, 
m hut^an and mouse ia in the NS rather than in Sr 
whenj the protein has previourfy been characteriSd * 



GLIA 
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tig. 4. WMCAJVJ aistribufc^oo lii mouse CNfi Ai ni,VJPAM .V 
Biaa wo» tcGUfd bv Wn a„ ^.^n./a^-wc ai ^HicdCAM ^xprw- control WT iitwrmfttnr Tr. t>,. . . . 

>^^..<.^ c«*JI ^ vunoue CNS rft/nnnu of an adult Rnll./n ^v- j "'^wrmacnr. {iq, jn the fiptnn (<j) nilnirATi/i 
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GlialCAM 




ous stages of postnatal dovclopmAnf (Pn j ^ 

adiilts. shown in Fifr 5a i and in 

)ve.e already <lctcctablf ^ -^NA 

increase of exDrf^^AiAo '^'itii t.ru} and a fjlieady 

expression followo ISt^'o'f M^p'^traljL'^ ''^'"^^ 
expression was tlien studied by WB' '.nr n . ^''''^^^ 
l>and9 wera quantified inS^dn-^Thl^ 'P^^^''^ 
normalized to GAPDH rvlV. a '^ensitometo' and 

xoAwuYi uand is olr«Hdy dftfcccstable at 



CAM band (h55 kDa) appi^r- VT'f ^"^''^ ^ 
'i^reas. in adult bS li 4™„ " signiQcaat 

uxproflRion with MHF <=.,^™o?e. , J f i^'. coordinated 
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raouso brain, .ir if it is upregulated in models of reactivo 
gliosis. 
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DISCUSSION 

i^^'Jl^'T^^ idcnbtied a« a putative tumor suppras- 
•n!L® V" 'i^-^^ J" strongly and predomi^^nUy 

oxp,«s5Gd xn the hurean and mouse NS. In murine CNS 
w« demmieUratc , strony expression in various CNS 
regious UJ.C the cerebellum, the entorhinal corf.ex. the 
O S, the medulla, aad the cord. OL were IdVnti- 

t)«(U*s the major cell type ftxpressing GlialOAM in vivo 
t "I^UT ""^f "'^.f "f* ^^'^^"S expression of Glial-' 

SL^pam"^- i*?'^^''-*' ^ Potential rolo of 

SmnS^fn?. 'T/"''T supported by 

temporal upr«£ntlation during postnatal moa«e brain da- 

r,? ' A,^'?^?.^^ ia cnordinat^ly expressed with MBE 
t! ,-.?T' P«'t«^n expression was detected in 

thiee^developmontal stages Of the OL lineage. In A2B5 
a..d Ol positive 0I„ GlialCAM colocalizc.<, ^th GAP43 
in ijL growtli corie-iiie procesBes. GlialCAM was also 
ohserved pnmary astroqylen. Thkcn together the 
present data indicate a potential function for GlialCAM 
ni. ' ^f.^^'^yte. «ad epeiidymal coll bioloyy. 

boi of tS« ^/"*r'"r:,'^^'''''- with ,ne,n- 

famiiv ,r ^ (cort,nal thymocyte .narker in Ak«<,^„a) 

dentified afi trans-mombranc coinpononta of tight ,W 
tn.n. (TJ> ,n « wide range on.i«B«cs in ondothSial S 

2005; fliratfl et al„ 2001). Although the precise tTv.,;!" 
o«ical role of GlialOAM re™«i„rto t Satodf S 
Bigrnhoft.a homology to the CTK fanniy together with te 

SonTT'r f^'^'^^- « P« 

lunction in the formation of TJ Uko structuras in OL 

astroeytes and iu the CNS ftpendyma 
:*f^e- 9,f'^ ;«pendyma..i.s..n,ade of-a-Biiiffle-layoi-- of cili- 
ated ep.thelial cells nanied ependymal ells. Xli hmc. 

CN'^'nnri ^P^^';'?:^ ""^^"'"'''^^ baiter 'beSn the 
inte.connec.ted via numerous gap junctions, and sonm 

■ Srf^ K ^'O-l (Lippoldt et al.. 2000; Petrov et al,. 
Sh2w'"%^^r? aUalCAM deficient mic^ 

S CSF/CN^ t^^'l^^^/he potential role of GUolCAM in 
tne oyi' /CNS burner, in addition to tfio ependymal cell 
expression. Gl a CAM poaitivo celie w« dTlJ^t th" 
^"b-ependyiaal layer of the lateral ventricles. The ^uC 

derivative of the ombiyonie 
foiebram genninal zones, is a site of neurogenesis end 
ghoeonesiB in tiie adult mommalian brain (Menn yt al 

GhalCAM m tbeec cellular fcmcUons ' ' 
Aatrocy(<j« do not form regular TJ in normal coudi- 
.--tions but wero shvwn to e«pr^.tho-TJ. associated, pro- 



tein claudin-l under proinflammatory conditions, sufj. 
gostinc Uio formation of rudimentary TJs at astrocyte/ 

M Tnnm*" w**'^ ^"""^ astrogliosis (Uufiy et 

ttl.. 2000). Wc were unable to detect cleai- GlialCAM 
expression on astrocytes in uiuo by LucZ staining, 
although the pattern of expression Suggested that senS 
of the positive cells raijjht be astrocytes, in iontraBt. in 
IIZ ^'"y;^°';yt«<=hemi3try studies clearly f,ho;«d 
etiong GhalOAM oxprewion in primary rat nsirocytes 
exjire^sing the reactive astrocyte marker, GPAl-- 

/iTrf^JT*®''''.?^'^^" '^'■""^ '"'Sht bo e.xplained by 
the fact that cultured a.-,trocytos are in a different acti- 
vation state than r«sting astrocytes in uivo. .Further 
atiKhes arc needed to investigate tho role of GiialGAlW 

chaHenT'^'' Pmaflammatory 
cja engc m vuro or during reactive aatroglio^.,. 
m v vu In a conHuent astro<yrte layer, the protein 
particularly looaliz.ecl at cell^ll conL't ^TM^^ol 
scryation le in accordance with a recent study showinH 
tb^t m a confluent culture of .tably transfected MOT? 
^l^.iM^T" ^u'''''^ carcinoma cells), CJlialCAM was 
7T too% ?ro ?"^f» "".chmcnt (Moh 

ei ai.. ^005). Jlowflvec. in low.d«nsity astrocyt« cul- 
tjoB, we observe that the protein is localized at the tip 
Sr lr^^'^u'^'J- '^''' °«prca8ian is i„ line with the 

uiuigAM la locahaed to punctuate structures In the 
perinuolqar membrane, cyU^plasm, and at the tip of tlm 
"it /nJ" ■ P™<^siona of stably tran.^fected MGF7 
cella (Moh et al 2005). The expression of GlSlGAM in 
the processes of bjpolar astrocytes aLs„ .^suggeste a ro b 

cTirlM °^«f7««ons sugg«.st a. function for 

G iaiCAM in astrocyte/astrocyte and aetrocyte/ftxtraoel- 

Unlike a.stn.cybes, OL express TJ lik« structuroa 
under, norinat conditions. OSr/claudin-11,. a majoi com! 
ponent of CNS myelin, is known (o fo^m TJ S.rands 
S'ct^'flS f"" '^^^ proposed ltv:t 

(G^^Ytfl ioX^T'^t''' »««on-.and .maintenanco 
{ij^ovf et al., 19.99; Morita et a „ 1999). Based on <».,»■ «h 
scrvation of GlialOAM expression ^n S^ r^itte^ 
regions of the adult brain and in primary MBP-„Sivr 

ZZ^^Jt I»» addition, the 

postnaUil expression profile of GlialCAM which corre- 

^J^f::%^^Ar'' '-""^ f-nn^onTs^pportra 
nani ^r H ^ m myeHnation ond/or in the 
nance ot the myelin sheaths. 

We have also shown that in cultured OL. GlialCAM is 
mth CtAP-43 to the tips of the processes GAP.43 is a 

nt™f ?inX''^*'^' organizaUon known to mcdiat^ 
ncuional yrowth cone navigaUon (Meiri et al 1988) 
Orowth conc^ are foimd at the tip of growing ax;n3 
. have the atiihiy.to..i^sp.,nd...to..extracen.,lar dirccUonal 
et aj., 1995). Little i« known about growth cones in. OL 
4mt,cecenl.data.6aggeal. the-eaetonce. of such structures' 
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EXHIBIT 1 

SeqA Name Len(aa) SeqB Name Len (aa) Score 



1 SEQ20-EC 240 2 

1 SEQ20-EC 240 3 

2 SEQ22-Ecmat 207 3 



SEQ22-Ecmat 207 100 

AAE14784-IGFSP4 2 98 100 
AAE14784-IGFSP4 2 98 100 



CLUSTAL 2.0.10 multiple sequence alignment 



SEQ20-EC MKRERGALSRASRALRLAPFVYLLLIQTDPLEGVNITSPVRLIHGTVGKSALLSVQYSST 60 
AAE14 784-IGFSP4 MKRERGALSRASRALRLAPFVYLLLIQTDPLEGVNITSPVRLIHGTVGKSALLSVQYSST 60 
SEQ22-Ecmat VNITSPVRLIHGTVGKSALLSVQYSST 27 



SEQ20-EC SSDRPVVKWQLKRDKPVTVVQSIGTEVIGTLRPDYRDRIRLFENGSLLLSDLQLADEGTY 12 0 

AAE14 784-IGFSP4 SSDRPVVKWQLKRDKPVTVVQSIGTEVIGTLRPDYRDRIRLFENGSLLLSDLQLADEGTY 120 

SEQ22-Ecmat SSDRPVVKWQLKRDKPVTVVQSIGTEVIGTLRPDYRDRIRLFENGSLLLSDLQLADEGTY 87 

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★ 



SEQ20-EC EVEISITDDTFTGEKTINLTVDVPISRPQVLVASTTVLELSEAFTLNCSHENGTKPSYTW 180 

AAE14 784-IGFSP4 EVEI SITDDTFTGEKTINLTVDVPI SRPQVLVASTTVLELSEAFTLNCSHENGTKPSYTW 180 

SEQ22-Ecmat EVEISITDDTFTGEKTINLTVDVPISRPQVLVASTTVLELSEAFTLNCSHENGTKPSYTW 14 7 



SEQ20-EC LKDGKPLLNDSRMLLSPDQKVLTITRVLMEDDDLYSCMVENPISQGRSLPVKITVYRRSS 24 0 

AAE14 784-IGFSP4 LKDGKPLLNDSRMLLSPDQKVLTITRVLMEDDDLYSCMVENPI SQGRSLPVKITVYRRSS 24 0 

SEQ22-Ecmat LKDGKPLLNDSRMLLSPDQKVLTITRVLMEDDDLYSCMVENPI SQGRSLPVKITVYRRSS 207 



SEQ20-EC 

AAE14 784-IGFSP4 LYIILSTGGIFLLVTLVTVCACWKPSKRKQKKLEKQNSLEYMDQNDDRLKPAPKDHSP 298 
SEQ22-Ecmat 



